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Preface 
Motivation 
The InxGal,As/GaAs and A1,Gal.xAsAnyGal,As/GaAs systems are Important 
heterostructures for high speed and optoelectronic dev~ce appllcatlons They also provide 
a convenient system for investigatmg the physics of stralned quantum well and 
superlattice structures Nearly ideal conditions for the study of many-body effects, 
namely, the Ferml-edge singularity, band-gap renormalization, or shake-up processes are 
provided by pseudornorphic modulation-doped AlxGal.xAs/InyGal.yAs/GaAs 
heterostructures 
The local~zatlon of excitons and the formation of locallzed biexcitons in the 
naturally formed quantum dots due to quantum well (QW) interface roughness and the 
many body effects such as Fermi-edge singularity, bandgap renormalization are the 
Interesting toplcs for mvestigation Therefore, there is an obvious interest in investigating 
these heterostructures 
This thesis devoted to the study on undoped InXGal_,As/GaAs and modulation- 
doped A1xGal.xAsAnyGal.yAs/GaAs heterostructures The samples used m this study 
were grown by molecular beam epitaxy In the undoped InxGal,xAs/GaAs QW samples a 
photolummescence (PL) study of the excltons and biexcitons local~zed in the naturally 
occurring quantum dots has been carr~ed out In modulation doped pseudomorphic 
Al,Gal.xAslInyGal,AslGaAs QW samples, PL study of the Fermi edge singularity, 
electrolurninescence (EL), hydrogenation, and magnetotransport studies have been 
carrled out 
The first chapter IS an introduct~on to thls theus It glves an overview of 
pseudomorphlc 1nxGal.,As/GaAs and modulation doped AlxGal~xAs/InyGal~yAs/GaAs 
QW heterostructures 
The second chapter is about the b~exciton~c luminescence from naturally 
occumng quantum dots formed due to monolayer well w~dth fluctuations in undoped 
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InxGal.xAs/GaAs QWs of width of around 75A. In thls study we have carried out 
conventional PL measurements on two InyGat-xAs/GaAs QW samples The first sample 
consists of six QWs of width 75 A grown at different growth temperature (480-600°C) 
Thls growth is carried out to optlmize the growth temperature of InGaAs layers The 
second sample is a 20 period 75 Hi multiple QWs At certain positions on these QW 
samples additional PL line was observed below the prlmary excitonic line The observed 
intensity var~ations of the pnmary excltonic and the additional lower energy line and the 
energy separat~on of about 3 meV between them indicate their ongin must be due to the 
localtzed excitons and brexcltons in the naturally occurring quantum dots in the quantum 
wells. 
The thlrd chapter is concerned with hydrogenation studies on modulation doped 
pseudomorphic and partially relaxed A1,Gal-,AsAnyGal-,As/GaAs quantum wells The 
PL spectra of the modulation-doped pseudomorphic A1,Ga~,As/InYGal,As/GaAs 
structure taken after hydrogenatlon of the sample In the temperature range of 150 - 200°C 
for 1 hour indicates a reduction in the two-dimensional (2D) electron dens~ty In the 
quantum well We attnbute the reduction in the two-dimens~onal (2D) electron density in 
the quantum well to the passivatlon of the donors in the Al,Gal.,As supply layer 
Annealing the hydrogenated sample at about 250°C in hydrogen amblent leads to the 
reactivation of the donors In the partially relaxed modulation-doped A1,Gal.,As/InYGa~. 
,As/GaAs heterostructure, a large lmprovement m the subband PL IS observed after 
hydrogenatlon of the samples above 250°C The as grown sample shows only a weak PL 
peak related to the optical transihon from the first electronic subband to the first heavy 
hole subband in the InGaAs quantum well After hydrogenation of the sample, two PL 
peaks, arising from the optical transition from the first and second electronic subbands to 
the first heavy hole are observed The lmprovement in the PL spectra of the sample IS 
attributed to the passivatlon of the dislocation related defects in the InGaAs quantum well 
and an increase In the 2D electron denslty in the InGaAs quantum well by atomic 
hydrogen. 
The fourth chapter deals with magnetotransport studies on a modulation doped 
AI,Gai-,AsllnyGaiyAs/GaAs quantum well sample The Shubnikov de Haas 
measurement IS canted on the sample at 1 5 K and w ~ t h  magnetic field up to 7 Tesla 
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The quantum lifetune and quantum mobility of the two-dimensional electron gas were 
determned from the Shubn~kov de Haas data 
The chapter fifth is on the photolwnescence stules of F e r n  edge slngulanty 
(FES) m the modulation doped pseudomorphc AIxGal-,As/InyGa~.yAs/GaAs quantum 
wells In these samples the FES from the Ferrm wave vector of the first electron subband 
in InGaAs QW is observed under the conditions of the second electron subband 
population wlth 2DEG FES 1s visible even at 4 2 K and wth  11utlal increase m 
temperature, an enhancement of the FES mtens~ty is observed and ~t grows mto a separate 
peak at around 20 K W~th  fiuther mcreasing temperature it is found to be quenchlug and 
&sappears at around 40 K 
The chapter sixth is on the low-temperature electrolummescence (EL) stuhes on 
modulation-doped pseudomorphc AIxGal.xAslInyGal~yAs/GaAs qu ntum wells The EL 
measurement is carned out by applymg a bias between a sem-transparent gold gate and 
alloyed gold-germamurn Ohrmc contacts made on the top surfaces of the samples The 
EL observed under positlve bias to the gate appears identical m shape to that of the PL 
spectra from the samples With lncreasmg gate voltage an mcrease m the EL mtensity 
and a red shfl  in the EL spectra has been observed The shf l  m the lurmnescence peak 
due to the transibon from the second electron subband to the first heavy-hole subband is 
found to be more sigmficant compared to the peak due to the transibon from the first 
electron subband to the first heavy-hole subband with lncreasmg bias 
Fmally, m chapter seven the overall work presented m the thesls IS summarized 
and conclusions and lrrmtatxons m the presented work is gven It also dwusses the future 
scope for the work m h s  area 
